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Introduction {#sec001}
============

Non-nutritive suck, or NNS, is a suck pattern characterized by the absence of nutrient delivery \[[@pone.0235741.ref001]\]. Infant suck begins *in utero* at approximately 15 weeks' gestational age (GA) \[[@pone.0235741.ref001]\] and is stable and well-patterned by 34 weeks' GA \[[@pone.0235741.ref002]\]. NNS physiology has a stereotypical burst-pause pattern, with an intra-burst frequency of 2 Hz and each burst containing 6--12 suck cycles \[[@pone.0235741.ref003]\].

NNS neural circuitry is highly adaptable to descending cortical inputs, as well as to mechanosensory inputs from the periphery. Because of this specialized circuitry, NNS can be modified by sensory inputs, such as tactile and visual stimulation \[[@pone.0235741.ref004], [@pone.0235741.ref005]\]. The NNS signal can also be altered if infants have different sensory experiences or sensory deprivations. Infants born prematurely have reduced NNS patterning \[[@pone.0235741.ref006]\], as do infants who experience comorbidities, such as respiratory distress syndrome or small for gestational age \[[@pone.0235741.ref007], [@pone.0235741.ref008]\].

Infant NNS is sensitive and adaptable and is therefore often used as a therapeutic target to enhance early clinical outcomes, such as growth, weight gain, maturation, state control and gastric motility \[[@pone.0235741.ref009]--[@pone.0235741.ref012]\]. Establishing consistent and well patterned NNS is critical as NNS is a precursor to oral feeding development \[[@pone.0235741.ref013]\]. While intact NNS is necessary for successful oral feeding, the task of oral feeding is a more complex task and the direct associations between NNS and oral feeding skills remains mixed in the literature \[[@pone.0235741.ref014]--[@pone.0235741.ref016]\]. Beyond clinical implications, NNS assessment is important as delays in NNS have been reported in approximately 35--48% of infants with different types of neonatal brain injury \[[@pone.0235741.ref017]\]. Thus, early NNS patterning can serve as an early marker of neonatal brain function. In addition to indicating current brain function, emerging data is available linking neonatal NNS to subsequent neurodevelopment \[[@pone.0235741.ref018]\]. More specifically, neonatal NNS has been associated with total motor skills, balance, total intelligence, verbal intelligence, performance intelligence, and language at age five, with better neonatal NNS relating to higher test scores \[[@pone.0235741.ref018]\].

It is clear that NNS is an important early clinical marker, yet there is no standardization of its measurement nor understanding of how NNS changes within a single suck sample. Furthermore, there is poor understanding of what is typical NNS beyond the neonatal period, particularly during a period of time where homeostasis has been established postpartum and the infant is becoming more self-regulated \[[@pone.0235741.ref019]\]. Therefore, the goal of this study was to examine how infants' NNS changes throughout a suck sample at 3-months of age. We hypothesized that as burst number increases, there would be structural changes to the NNS in cycles per burst, amplitudes, and intra-burst frequencies and that these changes would results in a decline in NNS activity. While no prior studies have examined structural changes in NNS throughout a suck sample, prior work in the oral feeding literature suggests that nutritive sucking rate declines throughout a feed in full-term \[[@pone.0235741.ref020]--[@pone.0235741.ref022]\] and preterm infants \[[@pone.0235741.ref023]\].

Method {#sec002}
======

Participants {#sec003}
------------

Participants in this study were taken from a larger study of preterm and full-term infants that examined the relation between early sucking, oral feeding, and vocal development. Inclusionary criteria for this study included full-term (≥37 weeks' GA) infants that were 3 months (± two weeks) of age who had a least one NNS burst. Exclusionary criteria included infants born with chromosomal or congenital anomalies.

Study design {#sec004}
------------

This prospective cohort study was approved by the Institutional Review Board at Northeastern University (protocol number: 17-08-19) and parents consented for their infants to participate. Infants and their parents were recruited by word of mouth, Facebook groups, and flyer distribution. Participants' caregivers were compensated with an Amazon gift card for their time.

On the day of the study visit, the research team arrived at the infant's house approximately one hour before their scheduled feed with the custom NNS device secured in a Pelican travel case. This user-friendly device included a 0-3-month Soothie pacifier (Philips, Avent) attached, via a handle, to a pressure transducer, see pacifier image in [Fig 1](#pone.0235741.g001){ref-type="fig"}. The pressure transducer was housed in a black box container, which was attached to a data acquisition system (Power Lab, ADInstruments, gray box in [Fig 1](#pone.0235741.g001){ref-type="fig"}) that allowed for real-time visualization of the infants' suck physiology via the LabChart software (ADInstruments). This device has been approved by the biomedical team at our institution and is not commercially available nor FDA approved. Calibration was completed before every session. To calibrate, a range of pressure measurements from the system were recorded simultaneously from both the internal, uncalibrated pressure transducer, as well as an external, highly accurate and precise, calibrated pressure calibrator. This information was then used to produce a linear calibration curve for the NNS system and these values were then updated in the ADInstruments software. Once the device was set-up and calibrated, the researchers instructed the caregivers to hold the infant in a cradled position with one hand and offer him/her the research pacifier with the other hand. This position allowed for consistency of positioning across participants. Infants were then offered the pacifier for approximately five minutes and were ideally in a quiet-alert state. Data collection was discontinued before five minutes if the infant began to cry or appeared distressed. After attaining the NNS sample, infants were offered the breast or bottle by their caregiver.

![NNS testing set-up.\
The Soothie pacifier is attached to the pressure transducer (black box) that is connected to the data acquisition system (gray box) to allow for real time visualization of infant NNS (bottom NNS trace).](pone.0235741.g001){#pone.0235741.g001}

After the visit was concluded, all five minutes of the data were analyzed using LabChart software in the lab. Researchers were trained in the lab by the lab director on how to identify NNS burst in these data manually using the following criteria: bursts must contain two or more suck cycles and a cycle is considered a new burst if there is a more than an 1,000 milliseconds break between cycles. These criteria are similar to previous studies examining NNS in young infants \[[@pone.0235741.ref004], [@pone.0235741.ref007], [@pone.0235741.ref024]\]. Once NNS bursts were manually selected for each suck sample, they were entered into a custom NNS Burst Macro, which exported the NNS bursts data and generated the number of cycles/burst, amplitude (defined as peak height, peak-trough), and frequency for each burst. All data were saved as the participant's ID number in an effort to avoid researcher bias during data analysis.

Sample size and statistical analyses {#sec005}
------------------------------------

While no prior work has examined NNS across a suck sample, similar work has examined how NNS changes in relation to various pacifiers within 3 samples collected in six minutes using like methods. Sample size was completed from a study by Zimmerman & Barlow \[[@pone.0235741.ref025]\] who examined the effect of pacifier stiffness on NNS dynamics in twenty preterm infant neonatal intensive care graduates and found a range of effect sizes (range .96--9.49) for the same five NNS dependent suck variables \[[@pone.0235741.ref025]\]. We conservatively estimated power of \> 80% with a sample size of *N* = 54 using the lowest effect size of (.96) found in the Zimmerman and Barlow study.

All infants who met the inclusion criteria (see previous section) were included for analysis. Statistical analysis was completed using the software package R, version 3.4.4. The maximum number of bursts recorded from a single infant was 40; however, not all infants had all 40 burst measurements due to individual differences across participants. As a result, each time point measurement was averaged across all observations and divided by the total number of individuals with that time point measurement. For example, if 48 infants had a burst measurement at burst number four, then the frequency, amplitude and cycles/burst were summed (independently) and divided by four giving an average for each outcome measure. This process was repeated for each burst number from one to 40 and these averages were then used to determine structural breaks using the software package "struccchange" \[[@pone.0235741.ref026], [@pone.0235741.ref027]\]. This software package was used to identify specific time points over the course of an infant's suck where the sucking pattern unexpectedly changed. These breakpoints were then used to specify knots in a linear regression model allowing the regression slope to change freely at the breakpoints specified.

Since the number of observed outcomes of interest declined as the number of bursts increased, we then sampled 54 individuals (with replacement) 1,000 times from the original dataset and constructed regression splines for each outcome variable within each sample. This sampling technique (bootstrapping) creates a larger dataset, allows for the construction of more reliable confidence bands, and permits inference to the entire dataset given the constraints of the study size. Knots (or, as previously described, breakpoints) were specified using the burst numbers identified from the previous breakpoint analysis. Regression splines were constructed with the R package "splines" \[[@pone.0235741.ref027]\]. In essence, we generated 1,000 replications of our original dataset and calculated a simple linear regression (allowing the slope to change freely at each specified breakpoint) for each outcome measure within each dataset across burst number. Predictions for each regression spline were then generated and the resulting values were aggregated in a dataset where the 50th percentile was extracted along with the corresponding 2.5 and 97.5 percentiles for the creation of confidence bands for each outcome measure. There were 1,000 generated samples in total, each with a predicted value for every outcome measure (3), and burst number (40) (for a total of 120,000 predictions).

Results {#sec006}
=======

The study consisted of 54 full-term infants (57% male, 43% female) who were seen, on average, at 92.3 days of life, or 3.03 months, (see [Table 1](#pone.0235741.t001){ref-type="table"}). At time of birth, the average weight of the study infants was 121 ounces with an average 39.30 weeks' GA. A series of independent samples t-tests failed to determine any statistically significant differences between males and females with regard to: birthweight, GA, age at testing, and recorded number of bursts (see [Table 2](#pone.0235741.t002){ref-type="table"}). Similarly, a series of ANOVAs failed to achieve statistical significance amongst infants when grouping infants based on the quartiles of the age at which they were tested. Finally, when individuals were grouped based on the number of bursts observed (1--10, 11--20, 21--30, and 31--40 bursts observed), no statistically significant differences were determined with regard to the aforementioned outcomes. Given the longitudinal nature of the study, only the range for the continuous study outcomes (cycles/burst, amplitude, and frequency) were reported.

10.1371/journal.pone.0235741.t001

###### Characteristics of participants.

![](pone.0235741.t001){#pone.0235741.t001g}

                                        Participants
  ------------------------------------- ---------------------
  **N**                                 54
  **Male / Female,** Number (%)         31 (57%) / 23 (43%)
  **Birthweight--Ounces,** Mean (SD)    121 (16.50)
  **Birth GA- Weeks,** Mean (SD)        39.3 (1.15)
  **Age at Testing--Days,** Mean (SD)   92.3 (9.53)
  **Number of Bursts,** Mean (SD)       14.5 (9.47)
  **Cycles/Burst**, range               2.00--69.00
  **Amplitude**, range                  0.55--34.60
  **Frequency**, range                  0.69--7.81

10.1371/journal.pone.0235741.t002

###### Differences among infants.

![](pone.0235741.t002){#pone.0235741.t002g}

  --------------------------------- ----------------- --------------------- ----------------------- ----------------- ---------
  **Sex (*n*)**                                       **Male (*n* = 31)**   **Female (*n* = 23)**                     ***p***
  Birthweight---Ounces              123 (17.60)       119 (14.90)           0.385                                     
  Birth GA- weeks                   39.20 (1.10)      39.3 (1.23)           0.601                                     
  Age at Testing---Days             90.60 (9.09)      94.50 (9.88)          0.147                                     
  Number of Bursts                  14.90 (9.00)      13.90 (10.30)         0.705                                     
  Cycles/Burst (range)              2--69             2--52                 **-**                                     
  Amplitude (range)                 0.55--34.60       0.96--33.50           **-**                                     
  Frequency (range)                 0.69--7.81        0.92--3.24            **-**                                     
  **Age (days) at Testing (*n*)**   **\<85.0 (12)**   **85.0--91.5 (15)**   **91.5--99.0 (13)**     **\>99.0 (14)**   ***p***
  Birthweight---Ounces              118 (13.60)       122 (18.50)           122 (20.20)             123 (13.60)       .832
  Birth GA- weeks                   39.2 (1.22)       39.2 (.99)            39.4 (1.04)             39.2 (1.42)       .968
  Age at Testing---Days             80.5 (3.85)       88.3 (2.09)           94.2 (1.86)             105 (5.11)        \-
  Number of Bursts                  15.2 (10.00)      15.3 (11.50)          13.6 (6.41)             13.9 (9.87)       .953
  Cycles/Burst (range)              2--51             2--52                 2--69                   2--48             \-
  Amplitude (range)                 1.92--32.00       0.94--32.50           0.55--31.10             0.93--34.60       \-
  Frequency (range)                 0.91--4.55        1.00--3.91            0.91--3.27              0.69--7.81        \-
  **Num. Bursts Observed (*n*)**    **1--10 (23)**    **11--20 (14)**       **21--30 (14)**         **31--40 (3)**    ***p***
  Birthweight---Ounces              125 (14.90)       117 (17.60)           120 (18.10)             124 (16.50)       .495
  Birth GA- weeks                   39.3 (.974)       39.1 (1.23)           39.4 (1.21)             38.7 (2.08)       .772
  Age at Testing---Days             92.7 (9.68)       94 (9.50)             89.6 (8.54)             93.3 (15.70)      .668
  Number of Bursts                  5.96              14.70                 23.40                   37.30             \-
  Cycles/Burst (range)              2--35             2--69                 2--51                   2--48             \-
  Amplitude (range)                 .93--31.00        .55--34.60            1.15--33.50             1.84--29.00       \-
  Frequency (range)                 .69--7.81         .926--3.38            1.32--3.39              1.41--2.78        \-
  --------------------------------- ----------------- --------------------- ----------------------- ----------------- ---------

Unless otherwise specified, numbers are listed as Mean (SD). Independent samples t-tests were used for comparisons of sex. ANOVAs were used for the comparison of age at testing and number of bursts observed. In both instances, statistical significance was determined at the .05 level.

All infants completed one suck sample with multiple burst measurements per sample. Of the 54 individuals: 100% of the cohort *(n = 54)* had at least one burst measurement; 89% of the cohort *(n = 48)* had at least 4 burst measurements; 50% of the cohort *(n = 27)* had at least 13 burst measurements; 33% *(n = 20)* had at least 20 burst measurements; and 2% *(n = 1)* had 40 burst measurements ([Fig 2](#pone.0235741.g002){ref-type="fig"}). Inter-rater reliability for NNS burst detection across two trained researchers was completed on 12/54 (22%) of the NNS data files. Inter-rater reliability was high for NNS cycles/burst (r = .97), amplitude (r = .98) and frequency (r = .92).

![Percent of participants with full data based on burst number.\
The dotted line indicates the average burst number, which was 14.50.](pone.0235741.g002){#pone.0235741.g002}

The breakpoint analysis identified a structural break at burst number 18 (with corresponding 95% confidence interval (CI) spanning suck bursts 16 through 23) and 34 (with corresponding 95% CI spanning suck bursts 31 through 36) for the measurement of NNS cycles/burst. No structural breaks were determined for NNS frequency. Structural breakpoints were determined for the NNS amplitude at burst number 18 (with corresponding 95% CI spanning suck bursts 15 through 20) and burst number 29 with corresponding 95% CI between suck bursts 23 and 30.

Knots (or, specific bursts where the linear regression slope was allowed to change) were identified using the breakpoint analysis to aid in the construction of regression splines and resampling was used to generate the corresponding 95% CI for modeling the NNS cycles/burst ([Fig 3](#pone.0235741.g003){ref-type="fig"}) and NNS amplitude ([Fig 4](#pone.0235741.g004){ref-type="fig"}). No knots were determined for the NNS frequency; 95% bootstrapped CI and regression line were plotted ([Fig 5](#pone.0235741.g005){ref-type="fig"}).

![Pooled NNS cycles/burst with bootstrapping.\
The green shading on the pooled graphic indicates confidence intervals on each of the spline regressions found using the bootstrapped samples (2.5 and 97.5 percentile) with the dark green line indicating the median predicted value from the bootstrapped samples.](pone.0235741.g003){#pone.0235741.g003}

![Pooled NNS amplitude with bootstrapping.\
The green shading on the pooled graphic indicates confidence intervals on each of the spline regressions found using the bootstrapped samples (2.5 and 97.5 percentile) with the dark green line indicating the median predicted value from the bootstrapped samples.](pone.0235741.g004){#pone.0235741.g004}

![Pooled NNS frequency with bootstrapping.\
The green shading on the pooled graphic indicates confidence intervals on each of the spline regressions found using the bootstrapped samples (2.5 and 97.5 percentile) with the dark green indicating the median predicted value from the bootstrapped samples.](pone.0235741.g005){#pone.0235741.g005}

A sensitivity analysis was completed to assess the generalizability of our results given the variability in observed number of bursts per infant. Specifically, the goal of the analysis was to investigate if breakpoints differed when varying amounts of bursts were considered. To do this, we considered breakpoints when observing a different number of bursts (10, 20, 30, and 40 bursts observed) and confirmed overlapping breakpoint confidence intervals for each NNS outcome between each differing number of bursts and the entire cohort (see [Table 3](#pone.0235741.t003){ref-type="table"}). When only 30 bursts were observed, a structural change was found at time point 18 (confidence interval ranging from 15 to 23) for the measurement of cycles/burst and at time point 14 (confidence interval between 8 and 16) for the measurement of amplitude. With 20 bursts observed, a structural break was found for the measurement of amplitude at time points 4 and 14 with confidence intervals of 1--7 and 11--17, respectively. No breakpoint was determined for the measurement of cycles/burst when observing 20 bursts. When considering at most 10 bursts, no breakpoints were determined for any measurement. In all instances, no breakpoints were found for the measurement of frequency.

10.1371/journal.pone.0235741.t003

###### Sensitivity analysis.

![](pone.0235741.t003){#pone.0235741.t003g}

                     40 (All) Bursts   30 Bursts       20 Bursts       10 Bursts
  ------------------ ----------------- --------------- --------------- -----------
  **Cycles/burst**                                                     
  Breakpoint 1       18 (16--23)       18 (15--23)\*   X / -           X / -
  Breakpoint 2       34 (31--36)       X / -                           
  **Amplitude**                                                        
  Breakpoint 1       18 (15--20)       14 (8--16)\*    4 (1--7)        X / -
  Breakpoint 2       29 (23--30)       \-              14 (11--17)\*   
  **Frequency**                                                        
  Breakpoint 1       \-                \-              \-              \-

Unless otherwise specified, numbers are listed as Breakpoint (Confidence Interval). An asterisk (\*) signifies an overlapping confidence interval for breakpoints when compared to the entire (40 burst) dataset, an "X" represents a confidence interval (for a breakpoint from the entire dataset) existing beyond the scope of the data range, a dash (-) signifies a lack of breakpoint found.

Discussion {#sec007}
==========

This study examined how infants' NNS changed throughout a sample in a cohort of full-term infants at 3-months. Overall, these data showed that infants exhibit changes in their NNS physiology across burst number. A first step in analyzing these data was to determine the sample size across burst number. On average, infants produced 14.50 bursts (range 1--40) during the suck sample. As burst number increased, the number of participants producing bursts decreased.

To our knowledge, this is the first time a breakpoint analysis has been used to examine infant NNS data. This type of analysis allows researchers to determine if there are instances throughout a NNS sample where cycles/burst, amplitude, or frequency change across burst numbers to allow for a more in-depth understanding of these data structures during a sample. Results from this innovative analysis revealed breaks, or deviations, in the structure of the pooled NNS for cycles/burst and amplitude, but not for NNS frequency. These findings are somewhat in contrast to our hypotheses, which predicted that there would be structural changes to all NNS measures and that these measures would decline as bursts number increased. It appears that NNS frequency remains relatively stable as burst number increases and that these NNS variables do not all decline gradually but rather some variables increase as burst number increases and then subsequently decline (e.g., amplitude). More specifically, pooled NNS data for cycles/burst started at burst 1 with, on average, 13 cycles/burst, and this average progressively declined across burst number. The breakpoints in the data structure for this variable occurred at burst numbers 18 and 34, indicating that at these bursts there were significant structural changes to the cycles/burst. Pooled NNS amplitude started at burst 1 with an average amplitude of 12 cmH~2~0. Amplitude data slowly increased until burst number 18 where a breakpoint occurred in these data. NNS amplitude continued to rise from burst numbers 18 and 28, where there was another breakpoint in these data at burst number 29 followed by a decline in amplitude from burst number 29--40. Interestingly, both NNS cycles/burst and amplitude had breakpoints in these data structures at burst number 18, indicating that there was a switch in NNS patterning behavior at this burst number (approximately halfway through the five-minute NNS sample). After burst number 18, an inverse relation occurred between NNS cycles/burst and amplitude where amplitude continued to increase and cycles/burst decreased. Thus, the increase in amplitude likely occurred as a result of the reduction in cycles/burst. This pattern was sustained until burst number 29 where amplitude quickly declined. There were no breakpoints evident for NNS frequency, which indicated no unexpected changes in the pooled NNS frequency across burst number. Previous research showed that NNS cycles/burst and amplitude were more adaptable variables, and more likely to re-organize in their data structure compared to NNS frequency, which remained relatively stable and unchanged across various sensory stimulation paradigms \[[@pone.0235741.ref004], [@pone.0235741.ref022]\].

The breakpoint analyses allowed for an in-depth view of NNS data structure across burst number; however, not all participants had the same number of bursts recorded (only 33% of the cohort had at least 20 burst measurements). Even when grouped by: sex, age at testing, and maximum number of bursts observed, our analysis showed infants did not differ with respect to: birthweight, GA, and age at time of testing. The results of the sensitivity analysis further strengthen the generalizability of the study as overlapping confidence intervals were found for measurements of both cycles/burst and amplitude when observing differing numbers of bursts. In only one instance a breakpoint was found that did not exist when analyzing the full dataset (confidence intervals of 1--7 for 20 observed bursts for the measurement of amplitude). This breakpoint suggests the existence of a possible earlier breakpoint for the measurement of amplitude; however, a larger sample size with more bursts is required to confirm the existence of this breakpoint. The sensitivity analysis did not capture a second breakpoint at timepoint 29 (with confidence interval from 23--30) for the measurement of amplitude when observing 30 bursts, though this may be because the true breakpoint exists at time point 30 (considering the confidence interval); a dataset with only 30 bursts observed would fail to include this breakpoint as it is the final timepoint in the timeseries model.

Together, the breakpoint analysis and lack of statistically significant differences amongst the study infants further strengthen the generalizability of our results despite the variable number of recorded burst measurements per infant. These analyses did not examine the range of possible values for NNS amplitude, frequency, and cycles/burst therefore bootstrapped confidence intervals for the regression splines were completed. The bootstrapping technique further allowed extrapolation to bursts with fewer observations and the repetition of constructing 1,000 regression splines provided further assurance for the plausibility of confidence bands and generalizability to the larger population. The confidence intervals revealed that NNS cycles/burst and amplitude were much less variable, with tighter confidence intervals, than NNS frequency, even though these variables had more structural changes in their data. The sets of non-overlapping confidence intervals within NNS cycles/burst and NNS amplitude identify two statistically significant time points within each outcome measurement where an actual change in sucking could be detected. While there were no large breakpoints evident in the pooled NNS frequency data structure, these raw data were more variable. This variability could be because all bursts were examined compared to other studies that measure the average per minutes or take an average over a set recording period \[[@pone.0235741.ref004], [@pone.0235741.ref007], [@pone.0235741.ref024]\]. When comparing our *predicted* NNS frequency data range (1.85 to 2.25 Hz) at 3-months of life to Wolff's data in 1968 elicited from full-term infants' birth to six months (2.0 to 2.8 Hz), our predicted range was smaller. This is likely due to our model, the age of participants, or the larger sample size in the present study.

The exact mechanism for why breakpoints exists for NNS across a sample remains unknown. We speculated that when breakpoints were evident, the infant was modifying their NNS for the following possible reasons: fatigue, habituation to the NNS task, state or behavioral changes, or hunger signaling. Findings from this study are similar to those in nutritive suck literature that show that infants alter their suck-swallow physiology during a feed \[[@pone.0235741.ref024]--[@pone.0235741.ref026]\]. It has also been shown that nutritive sucking rate declines throughout a feed in full-term \[[@pone.0235741.ref024], [@pone.0235741.ref025], [@pone.0235741.ref027]\] and preterm infants \[[@pone.0235741.ref023]\]. Further data has shown that preterm infants are more engaged during the beginning of a feed compared to the end \[[@pone.0235741.ref028]\]. More data is needed to explore the exact mechanism for the structural shifts across NNS burst number in these infant populations.

Clinical implications {#sec008}
---------------------

Results from the current study showed that burst number should be considered when assessing infant NNS. This notion is consistent with nutritive suck data that showed differences exist between judgments of swallowing physiology and the timing of fluoroscopic evaluation \[[@pone.0235741.ref029]\]. Furthermore, the authors state that if the fluoroscopic visualization is confined to the initial swallows of the bottle-feed, this likely limits the exam's diagnostic validity. Thus, examining a limited number of NNS bursts or starting an NNS assessment when the infant has already been sucking on a pacifier for several minutes, can result in a skewed and inaccurate representation of the infant's suck ability. This is particularly important as speech-language pathologists, nurses, and occupational therapist examine NNS coordination as part of their larger feeding assessment \[[@pone.0235741.ref030]\]. Therefore, it is preferable to assess the infant's suck over a period of time or a set burst range.

Additionally, these data indicated that there is an interplay between cycles/burst and amplitude at certain burst numbers. For these data, this interplay occurred after burst number 18, or approximately halfway through the suck sample. Awareness of this tradeoff is imperative for clinical practice. If a clinician is concerned about an infant's suck amplitude, but they have many cycles/bursts, they must take this into account as these data show an interaction between these two variables across burst number. Furthermore, developmental specialists and researchers must be precise when reporting the time-frame used for analysis of the infant's NNS (e.g. the first two minutes, the middle two minutes, or the last two minutes). Lastly, it is important to consider the individual differences in all infants and their development during NNS assessment and that a one size fits all approach does not apply.

Limitations {#sec009}
-----------

A number of potential limitations need to be acknowledged for this study. First, caretakers of 37 of the 54 infants in the study (68%) reported prior usage of a pacifier. For the remaining 17 infants, this could have been their first interaction with a pacifier and this could potentially alter their suck patterning. Therefore, future studies should control for previous pacifier use. In addition, this study was completed in the infant's home. While this provided them a more natural environment, there are many forms of environmental stimuli in the home that may not be controlled for and could distract the infants during the collection of the suck sample. That being said, the researchers instructed the parents on how to offer the infant the pacifier and on the level of engagement they should have during the testing. Parents offered the infant the pacifier for approximately five minutes, but this was not controlled for during the study. However, our usage of burst number rather than time allowed us to maintain consistency regardless of the sample time. Lastly, our population consisted of a homogenous demographic of infants. Therefore, these data are difficult to generalize to mothers of different ethnicities and races, marital statuses, or education levels.

Future directions {#sec010}
-----------------

Future studies should focus on a larger sample size, with multiple data points over time per infant to examine whether these breakpoints persist across suck samples as the infant matures and across sexes. It is imperative to determine whether different infant populations, such as infants born prematurely, have the same breakpoints in their suck data. The development of evidence-based procedural guidelines for infant NNS data collection and analyses must be established to allow for consistency across care providers.

Conclusions {#sec011}
===========

Infants' NNS changes throughout a suck sample. Infants produced, on average, 14.50 bursts during their suck sample, which lasted approximately five minutes. NNS cycles/burst and NNS amplitude had structural changes in their data across burst number, whereas NNS frequency remains relatively stable across burst number. When assessing suck, developmental specialists must observe more than just one suck burst in order to attain a more accurate view of the infant's suck patterning.

The research team would like to thank the parents and their infants for participating in this study. We would also like to thank members of the lab for assisting with data collection and analyses.
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Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Christos Papadelis, Ph.D.

Academic Editor

PLOS ONE

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. We note that you have indicated that data from this study are available upon request. PLOS only allows data to be available upon request if there are legal or ethical restrictions on sharing data publicly. For information on unacceptable data access restrictions, please see <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>.

In your revised cover letter, please address the following prompts:

a\) If there are ethical or legal restrictions on sharing a de-identified data set, please explain them in detail (e.g., data contain potentially identifying or sensitive patient information) and who has imposed them (e.g., an ethics committee). Please also provide contact information for a data access committee, ethics committee, or other institutional body to which data requests may be sent.
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: No

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: In this study, the authors investigate NNS in 3-month old infants using an instrumented pacifier and breakpoint analysis in order to explore how infants' NNS changes throughout a suck sample.

The study is well-written; yet, the overall impact of the study is weak and doubtful. The main findings reported in the study are the breakpoints for cycles/bursts and amplitude; yet, these breakpoints are seen at burst numbers that could be recorded in a small portion of the cohort. Further analyses (such trend analysis or analysis on subset of infants with homogeneous data) must be performed to strengthen the result and the discussion.

Specific comments:

\- Please explain why "Not all participants had a recorded outcome measure (NNS cycles/burst, amplitude, and frequency) across each burst". Do the authors mean that not all participants had the same number of recorded bursts? Please rephrase or explain.

\- In the methods, the authors state that "NNS Burst Macro further analyzed the NNS bursts and generated cycles/burst, amplitude (defined as peak height, peak trough), and frequency data for each sample". If NNS cycles/burst, amplitude and frequency are computed via a software, it is unclear how the inter-rater reliability was estimated and why.

"Inter-rater reliability was high for NNS cycles/burst (r=.97), amplitude (r=.98) and frequency (r=.92)."

\- The authors should explain the meaning of "knots".

\- Less than 10% of the participants had more than 29 bursts where the second breakpoint was found. Thus, the trend that the authors discuss where the amplitude drops cannot be generalized to the entire cohort, since it may be strongly biased. The same observation holds also for the first breakpoint since only 20 infants had at least 20 bursts. Different analysis that considers also time rather than only burst number should be also performed. Breakpoints should be also evaluated in terms of time.

\- Authors should include a table reporting the results (outcome measure, number of bursts, duration of data) separated by main groups (e.g. by sex, age, first time users, and so on..). Further statistics on the outcome measures should be performed, to report any possible difference between groups (first time users vs. not; male vs female).

\- The hypothesis reported in the introduction is not confirmed by the results. The authors should discuss this. In addition, their hypothesis regards the trend of the outcome measures (increase or decrease), while the analysis performed was focused on identifying breakpoints in a trend rather than elucidating the trend.

Reviewer \#2: A better understanding of the development of NNS as well as how NNS changes within a single NNS suck sample, has strong potential for informing our knowledge of acceptable intra- and inter variability during pacifier sucking. However, the manuscript in its current form is not considered acceptable for publication. It requires major revisions.

Overall-

The study focuses on changes in NNS performance throughout a suck sample. However, in multiple places, both in the abstract and throughout the paper, the authors refer to 'sucking'. It is recommended that they revise the manuscript throughout to be specific in noting nonnutritive sucking. A significant case in point is the suggestion that 'infant suck can serve as a marker of neonatal brain function'. Are the authors referring to the association between nutritive sucking (NS) as a biomarker for NBI or NNS as a biomarker? This is not clear and is misleading to the reader so clarification is necessary. The manuscript would be significantly enhanced if the authors focused on the need for stable, skilled NNS as a precursor to oral feeding and use the introduction & background to establish the significance of their study within the context of that literature rather than moving back and forth from research focused on NNS and then NS.

Of additional concern is the age of many of the references used to support this work. Only the publications of these authors are current. There is a large body of more recent literature which could be used to establish the necessary background for the current study and the authors are encouraged to include those findings here. Such work would surely be useful in construction of the discussion section to address how this work supports and or refutes previous findings.

INTRODUCTION

The goal of the study is overstated. As currently written, the reader assumes what follows will be a detailed description of the change in NNS within the first year of life. Since this study only focuses at one time point- that should be clearly stated in the introduction and should also be included as part of the title.

The introduction would be enhanced if the authors provided a justification for the hypothesis.

METHODS

Necessary details regarding participants are absent. Detail is needed so readers have a better understanding of the population that was under study. 'No known congenital anomalies' is a very narrow inclusion criteria if the authors are hoping to inform readers regarding the NNS of health full term infants. How did you define full term? What was the mean and range of GA for the study population? Were they appropriate weight for GA? Did you exclude infants with known perinatal exposure to toxic substances, chromosomal abnormalities, etc.

The authors should provide a justification for the idea to collect this data at 3 months of age. What preliminary work has been completed that would lead you to believe that this is a critical point in the development of NNS sucking skill? Given that research suggests that nutritive suck comes under volitional control at around 4 months, it would seem that assessing NNS at that time point might yield information more suited to a discussion of potential implications for the impact on nutritive sucking.

STUDY DESIGN

Please describe the study design (prospective etc.).

Greater description is needed for all of the components involved in instrumentation (the device, data acquisition set up, the software). A diagram of the components would provide the reader with a clearer view of what the instrumentation set up looked like. For replication purposes, the following information would also be imperative: Is it commercially available? FDA cleared? What research exists to support it validity as an instrument to study NNS?

Why was the cradled position selected as the position for collecting this data? Was it convenience or the typical position in which the infant was held for feeding? Given the authors' assertion that sensory feedback is critical to NNS, there should be some justification, as well as discussion, on the possible influence of this position on the results.

What are the references for defining the NNS criteria for analysis as stated? Describe the training that researchers went through to learn to identify NNS sucking bursts- this informs the integrity of your inter-rater reliability results.

RESULTS AND STATISTICAL ANALYSES

This section should be relabeled omitting the term RESULTS, since this is included as a separate section.

No detail on sample size calculation is provided. Please detail the appropriate parameters (randomized vs nonrandomized, power, one-tailed vs two-tailed hypothesis, significance level, estimated effect size).

Explain why all participants did not have a recorded outcome measure.

Which statistical package was used? Authors simply state 'stats' package.

RESULTS

The Discussion section of the paper focuses to a large extent on the clinical implications derived from this work. Yet the Statistical analysis and results sections are heavily permeated in jargon. If the audience for this work is practitioners, rather than statisticians, the authors should significantly revise these sections to provide a layman's understanding of processes such as 'weighted averages', bootstrapping', 'constructive regression splines', etc. Only by doing this can the average reader feel confident in the results and the ensuing interpretation.

DISCUSSION

It is particularly important in this section that the authors distinguish this work as NNS and not NS. In other words, are the authors suggesting that NNS burst number should be considered when assessing NNS suck or NS suck? Citations are necessary for the statement that 'neurologists and other developmental specialists utilize NNS as an early tool for assessing brain injury'.

The authors make the assumption that NNS is always best at the beginning- and do not take into account the possible inter-individual differences between infants - as the NNS of some infants might be best at the midpoint in a sample or even toward the end- depending on infant state regulation at the time of data collection. Since no formal assessment of state was completed prior to data collection, this possibility should be considered in the discussion section.

Pleas revise the discussion section to separate out clinical implications, limitations and future directions.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0235741.r002

Author response to Decision Letter 0

30 Mar 2020

Thank you to the associate editor and the reviewers for the opportunity to improve this manuscript. Please see the below responses to the reviewers' comments. We feel that your insights greatly improved our manuscript.

Reviewer \#1: In this study, the authors investigate NNS in 3-month old infants using an instrumented pacifier and breakpoint analysis in order to explore how infants' NNS changes throughout a suck sample.

The study is well-written; yet, the overall impact of the study is weak and doubtful. The main findings reported in the study are the breakpoints for cycles/bursts and amplitude; yet, these breakpoints are seen at burst numbers that could be recorded in a small portion of the cohort. Further analyses (such trend analysis or analysis on subset of infants with homogeneous data) must be performed to strengthen the result and the discussion.

Response: Response: Thank you, a sensitivity analysis has been added to strengthen the generalizability of our findings.

Specific comments:

\- Please explain why "Not all participants had a recorded outcome measure (NNS cycles/burst, amplitude, and frequency) across each burst". Do the authors mean that not all participants had the same number of recorded bursts? Please rephrase or explain. Response: Thank you this has been clarified and rephrased in the manuscript.

\- In the methods, the authors state that "NNS Burst Macro further analyzed the NNS bursts and generated cycles/burst, amplitude (defined as peak height, peak trough), and frequency data for each sample". If NNS cycles/burst, amplitude and frequency are computed via a software, it is unclear how the inter-rater reliability was estimated and why.

Response: We agree that this was not clear in the text. Trained researchers picked the bursts and then the Burst macro analyzed the chosen burst and generated the other outcomes, like cycles per burst, amplitude, frequency and cycle amount. The inter-rater reliability was completed to determine that the correct burst was chosen and this would influence the subsequent measures.

"Inter-rater reliability was high for NNS cycles/burst (r=.97), amplitude (r=.98) and frequency (r=.92)."

Response: These were completed across two trained researchers and their choosing of the bursts, see above.

\- The authors should explain the meaning of "knots".

Response: Added further clarification in text

\- Less than 10% of the participants had more than 29 bursts where the second breakpoint was found. Thus, the trend that the authors discuss where the amplitude drops cannot be generalized to the entire cohort, since it may be strongly biased. The same observation holds also for the first breakpoint since only 20 infants had at least 20 bursts. Different analysis that considers also time rather than only burst number should be also performed. Breakpoints should be also evaluated in terms of time.

Response: A sensitivity analysis was added to the results section.

\- Authors should include a table reporting the results (outcome measure, number of bursts, duration of data) separated by main groups (e.g. by sex, age, first time users, and so on..). Further statistics on the outcome measures should be performed, to report any possible difference between groups (first time users vs. not; male vs female).

Response: Table 1 has been added

\- The hypothesis reported in the introduction is not confirmed by the results. The authors should discuss this. In addition, their hypothesis regards the trend of the outcome measures (increase or decrease), while the analysis performed was focused on identifying breakpoints in a trend rather than elucidating the trend.

Response: Thank you this section has been edited in both the introduction and discussion sections.

Reviewer \#2: A better understanding of the development of NNS as well as how NNS changes within a single NNS suck sample, has strong potential for informing our knowledge of acceptable intra- and inter variability during pacifier sucking. However, the manuscript in its current form is not considered acceptable for publication. It requires major revisions.

Overall-

The study focuses on changes in NNS performance throughout a suck sample. However, in multiple places, both in the abstract and throughout the paper, the authors refer to 'sucking'. It is recommended that they revise the manuscript throughout to be specific in noting nonnutritive sucking. A significant case in point is the suggestion that 'infant suck can serve as a marker of neonatal brain function'. Are the authors referring to the association between nutritive sucking (NS) as a biomarker for NBI or NNS as a biomarker? This is not clear and is misleading to the reader so clarification is necessary. The manuscript would be significantly enhanced if the authors focused on the need for stable, skilled NNS as a precursor to oral feeding and use the introduction & background to establish the significance of their study within the context of that literature rather than moving back and forth from research focused on NNS and then NS.

Response: Thank you for this comment. We agree that the usage of sucking was confusing for the reader and this has been replaced with NNS throughout. Discussion of oral feeding and feeding has been reduced in the introduction to increase the focus on NNS.

Of additional concern is the age of many of the references used to support this work. Only the publications of these authors are current. There is a large body of more recent literature which could be used to establish the necessary background for the current study and the authors are encouraged to include those findings here. Such work would surely be useful in construction of the discussion section to address how this work supports and or refutes previous findings.

Response: References have been updated

INTRODUCTION

The goal of the study is overstated. As currently written, the reader assumes what follows will be a detailed description of the change in NNS within the first year of life. Since this study only focuses at one time point- that should be clearly stated in the introduction and should also be included as part of the title.

Response: Thank you, this has been clarified throughout the intro and the title has been changed. .

The introduction would be enhanced if the authors provided a justification for the hypothesis.

Response: Thank you, prior research has been added.

METHODS

Necessary details regarding participants are absent. Detail is needed so readers have a better understanding of the population that was under study. 'No known congenital anomalies' is a very narrow inclusion criteria if the authors are hoping to inform readers regarding the NNS of health full term infants. How did you define full term? What was the mean and range of GA for the study population? Were they appropriate weight for GA? Did you exclude infants with known perinatal exposure to toxic substances, chromosomal abnormalities, etc.

Response: Thank you this section has been edited

The authors should provide a justification for the idea to collect this data at 3 months of age. What preliminary work has been completed that would lead you to believe that this is a critical point in the development of NNS sucking skill? Given that research suggests that nutritive suck comes under volitional control at around 4 months, it would seem that assessing NNS at that time point might yield information more suited to a discussion of potential implications for the impact on nutritive sucking.

Response: Justification for the 3-month time point has been added to the introduction section.

STUDY DESIGN

Please describe the study design (prospective etc.).

Response: This has been added under study design section.

Greater description is needed for all of the components involved in instrumentation (the device, data acquisition set up, the software). A diagram of the components would provide the reader with a clearer view of what the instrumentation set up looked like. For replication purposes, the following information would also be imperative: Is it commercially available? FDA cleared? What research exists to support it validity as an instrument to study NNS?

Response: More data has been added regarding the NNS devices as well as a picture, see Figure 1.

Why was the cradled position selected as the position for collecting this data? Was it convenience or the typical position in which the infant was held for feeding? Given the authors' assertion that sensory feedback is critical to NNS, there should be some justification, as well as discussion, on the possible influence of this position on the results.

Response: This position was chosen as it seemed the natural position for parents and infants and allowed for consistency across subjects.

What are the references for defining the NNS criteria for analysis as stated? Describe the training that researchers went through to learn to identify NNS sucking bursts- this informs the integrity of your inter-rater reliability results.

Response: References and a description of the training process have been added in the text.

RESULTS AND STATISTICAL ANALYSES

This section should be relabeled omitting the term RESULTS, since this is included as a separate section.

Response: This section has been changed to Sample Size and Statistical Analyses

No detail on sample size calculation is provided. Please detail the appropriate parameters (randomized vs nonrandomized, power, one-tailed vs two-tailed hypothesis, significance level, estimated effect size).

Response: Details on how the sample size was determined were added. No tests of significance were included in the initial manuscript, however further clarification on confidence intervals were discussed.

Explain why all participants did not have a recorded outcome measure.

Response: If infants were crying or sleeping they did not often produce the one NNS burst during the study. These infants were excluded as they needed at least one NNS burst for inclusion into the study. This has been added to the methods.

Which statistical package was used? Authors simply state 'stats' package.

Response: Removed citation as this function is covered with a previous citation to the R statistical package.

RESULTS

The Discussion section of the paper focuses to a large extent on the clinical implications derived from this work. Yet the Statistical analysis and results sections are heavily permeated in jargon. If the audience for this work is practitioners, rather than statisticians, the authors should significantly revise these sections to provide a layman's understanding of processes such as 'weighted averages', bootstrapping', 'constructive regression splines', etc. Only by doing this can the average reader feel confident in the results and the ensuing interpretation.

Response: Jargon has been removed and a more colloquial presentation of results is presented.

DISCUSSION

It is particularly important in this section that the authors distinguish this work as NNS and not NS. In other words, are the authors suggesting that NNS burst number should be considered when assessing NNS suck or NS suck? Citations are necessary for the statement that 'neurologists and other developmental specialists utilize NNS as an early tool for assessing brain injury'.

Response: Thank you, NNS and NS distinctions have been made clearer and a reference has been added.

The authors make the assumption that NNS is always best at the beginning- and do not take into account the possible inter-individual differences between infants - as the NNS of some infants might be best at the midpoint in a sample or even toward the end- depending on infant state regulation at the time of data collection. Since no formal assessment of state was completed prior to data collection, this possibility should be considered in the discussion section.

Response: Thank you, this section has been edited.

Pleas revise the discussion section to separate out clinical implications, limitations and future directions.

Response: Added sections in text.
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Changes in Infant Non-Nutritive Sucking throughout a Suck Sample at 3-Months of Age
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Dear Dr. Emily Zimmerman,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Please submit your revised manuscript by July 31 2020. If you will need more time than this to complete your revisions, please reply to this message or contact the journal office at <plosone@plos.org>. When you\'re ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). You should upload this letter as a separate file labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. You should upload this as a separate file labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. You should upload this as a separate file labeled \'Manuscript\'.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter. Guidelines for resubmitting your figure files are available below the reviewer comments at the end of this letter.

If applicable, we recommend that you deposit your laboratory protocols in protocols.io to enhance the reproducibility of your results. Protocols.io assigns your protocol its own identifier (DOI) so that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

We look forward to receiving your revised manuscript.

Kind regards,

Georg M. Schmölzer

Academic Editor

PLOS ONE
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Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The authors addressed most of my major concerns. In particular, they added a sensitivity analysis to assess the generalizability of the results given my concern about the variability in the number of bursts per infant. The authors say that the sensitivity analysis \"confirmed overlapping breakpoint confidence intervals for each NNS outcome between the subset datasets and the entire cohort\". Yet, it is not clear how this analysis was performed (statistical methods) neither the quantitative results are reported.

The authors should add some more quantitative details about such analysis. The description should be added to the methods and detailed results should be reported in the text or in a table.

Regarding my previous comment: \"Authors should include a table reporting the results (outcome measure, number of bursts, duration of data) separated by main groups (e.g. by sex, age, first time users, and so on..). Further statistics on the outcome measures should be performed, to report any possible difference between groups (first time users vs. not; male vs female).\"

Authors added Table 1 to report main characteristics of the cohort and NNS burst number in F and M.

The other outcome measures should be also added. The authors state that no difference was found in all descriptors; however, no p-values are reported and nowhere in the manuscript they described which test was performed to test this (as mentioned also above for sensitivity analysis, statistical details should be added in methods and results)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0235741.r004

Author response to Decision Letter 1

11 Jun 2020

hank you to the associate editor and the reviewers for the opportunity to improve this manuscript. Please see the below responses to the reviewers' comments. We feel that your insights greatly improved our manuscript.

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The PLOS Data policy requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

Response: The authors confirm that some access restrictions apply to the data underlying the findings. Data are confidential because the study uses personal data from minors and a clinical population. Data are available to researchers who qualify for access to confidential data. Requests can be made by contacting:

Northeastern University, 360 Huntington Ave, 132

Forsyth Building, Phone: 617-373- 4670

Email: <m.hines@northeastern.edu>.

Reviewer \#1: The authors addressed most of my major concerns. In particular, they added a sensitivity analysis to assess the generalizability of the results given my concern about the variability in the number of bursts per infant. The authors say that the sensitivity analysis \"confirmed overlapping breakpoint confidence intervals for each NNS outcome between the subset datasets and the entire cohort\". Yet, it is not clear how this analysis was performed (statistical methods) neither the quantitative results are reported.
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